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Barrels 
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MarcK«t Confd'l U.S. Eng. 8 

Th« efteats of shoxienlnsr the barrel of the caliber 0.60 machine gun for use in aircraft was investigated, 
and cSeration wS?gfve?Ä baUisttcs of the API Bullet T 30 fired from two 0.60 cal. Mann barrels 
SÄEÄT^e%3S.l in. The principal ballistic.effects of shortening; thi»barrel are a 
rXtion of muzzle velocity, a slight increase of formfactor, and a decrease of *blllty fertw   If the 
API Bullet T39 were fired from one of the short barrels aimed forward in an airplane flying at sea level 
with aTairs^ed^of 600 mph, it would be unstable. However, this objection could be overcome by increas- 
te tte Mrtof theriflingf and a 25.6 in. barrel with a pitch of 15.4 in. or a 33.1 in. barrel with a pitch 
K IT wo^ld produce the same stability factor at sea level with 600 mph airspeed as a 60 in. barrel 
with a pitch of 16 in. 

Copies of this report obtainable from Air Documents Division; Attn: MCIDXD 
Ordnance and Armament (22) Bj5£&* ""^ (156°°)} ^^ O^jjig i2) guns - Performance (57198) 
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FORM FACTOR AND STABILITY OF API BULLET T39 FIRED 
FROM SHORTENED CALIBER 0.60 BARRELS 
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MEMORANDUM  REPORI NO. 4f;o 

lIltCilCOCk/oi;u» 
Aberdeen Proving  urounci,  Md, 
J.V   Tiaren  19-,7 

Exterior ballisticr ^.bort,tory 
Problem flo. E-172 

FORM FACTOR AND ^-TAblUlY OF API BÜLL,?T T39 FIRED 
FROM SHORTENED CALIBER 0.60 BARRELS 

Abstract 

The API Bullet T39 was fired fror   tv.'o cal5ber 0.60 kann barrels 
shortened from 60 inches to 25.6 and 33.1 inches.    The irain ballistic 
effects are indicated by the following table. 

Length Muzzle 
Velocity 

Forrr 
Factor 

Stability Factor 
of 

Barrel 
Mortal 

1.7? 
1.61 
1.-45 

Kith 600 ir.ph 
Read VLind at 

in. 

60 
33.1 
25.6 

fps 

3550 
3Ö90 
2320 

S-7 

1.26 
1,27 
1.31 

Sea Level 

1.15 
n.<?7 
0.8Z. 
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CuNFxDi-N'IIi,^ 

i.  übJhCT-: ihe  effects of snortenin^ the barrel of 
the caliber O.cO maenine gun for use in aircraft is being 
investigated,  ihe Small ^rms jbranch of the Arms and Ammuni- 
tion Division hai found tnat ammunition fired at vertical 
targets from short barrels is as accurate as from a standard 
lengtn barrel.  The Oranance Engineering Laboratory of the 
üg.lli:-tic Research Laboratories is „reparing to test the 
muzzle blast with short barrels,  mis report is concerned 
with the ballistics of bullets fired from the snort barrels.-1 

2. GUNK:  Ihe normal caliber 0.60 Mann üarrel is 60 
inches long and is rifled with a pitch of 13 inches.  In tnis 
test, two barrels ,•.ere used: 

No. 6-2, 2 5.6 inches long, 
No, o-3, ?3.I incnes long. 

Since these barrels v/ere too snort to fit in the Frankford 
Arsenal Machine I.est, the Machine tihop fitted sleeves over 
the muzzles, extending a fev. inches beyond the muzile face. 

3. AMMUNITION:  Some caliber O.oO Armor-piercing 
incendiary Cartridges 139 were taken from FA lot 10.  Some 
similar cartridges of other lots nave previously been fired 
for time of flignt from 60-incn wann 6arrel No. 300 .«itn a 
17-inch pitch of rifling2, and for yaw from o0-incn notched 
Mann barrel No- &0 with an 18-inch pitch.3  1'ht- physical 
characteristics of the 139 mullet are:4 

Weight (standard) 11^0 grains 

Center of gravity to base 1.7fcc cal 

social moment of inertia 47.9 tr.in2 

Transverse moment of inertia 4-90.1 gr.in2 

4-  iIME-0F-FLlGHT FIRINGS:  The time-of-flight firings 
were conducted at Michaelsvilie on 14 February 194-7.5  The 
velocity 73 feet from tne muzzle was measured by an electronic 
counter connected to two photo-electric screens.  The time 
of flight was measured by another electronic counter con- 
nected to the first pnoto-electric screen arid a wire mesh 
screen at a range of 1000 yards.  The form factors were 
computed from the velocities and times of flight (see fable I) 

The velocities, of course, are loA'er 
Li", t.i. o)-incii oarre^;   tu<~ fon factors 

are shovm here: 

?.      FOlaM  FACTORS 
In an those  ob taint: u   v» 
are   ; ii0ntly  higmr.0 
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in. ?5.6 33.1 60 

fps 2788 3053 - 

fps 2202 2452 - 

fps 2823 3088 3550 

i7 1.314 1.272 1.26 

c7 . 344 .356 .358 

er ft. .000,160 .000,146 - 

Length of barrel 

Instrumental velocity 

Avg.velocity over range 

Muzzle velocity 

Form factor 

Ballistic coefficient 

Retardation coef,(at MV) 

6. YAW FIRINGS:  The yaw firings were conducted at the 
Small Arms Range on 12 February 1947.5 Five rounds were 
fired from each barrel thru 15 photographic paper screens, 
which were placed at 5-foot intervals in each of three groups: 

10 to 35 feet, 

90 to 115 feet, 

175 to 200 feet. 

7. YAW: The first maximum yaw varied from 0 to 10 
degrees (see Table II).  The maximum yaw damped rapidly: 
in the last group of screens, the largest yaw was 6 degrees. 
The minimum yaw varied from 0 to 1.2 degrees. 

8. PRECESSION:  The rate of precession calculated from 
the moments of inertia and the pitch of rifling is 0.06516 
semi-revolution per foot.  On all rounds with yaws greater 
than 2 degrees, the observed orientations were in good 
agreement with this rate. 

9. STABILITY:  The stability factors of the bullets 
fired from these short barrels at muzzle velocities of 2820 
and 3090 feet per second (Table III) are less than that of   - 7 
the bullets fired from a 60-inch barrel at 3550 feet per second. 
The average values of the stability factor and the corresponding 
moment coefficient and period of yaw are as follows: 

Length of barrel in. 

Stability factor: 
Normal 
With 600 mph head wind 
at sea level 

Moment coefficient 

Period (normal) 

KM 
ft 

25. b 33.1 60 

1.450 1.606 1.79 

0.84 0.97 1.15 

1.'50 1.35 1.59 

27.5 25.0 23.1 
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10.  CONCLUSION:  ine principal ballistic effects of 
shortening the caliber 0.60 barrel are a reduction of muzzle 
velocity, a slight increase of form factor, and a decrease 
of stability factor.  If the API Bullet T39 were fired from 
one of tne short barrels aimed forward in an airplane flying 
at sea level with an air speed of 600 miles per nour, it 
would be unstable.  However, this objection could be overcome        ' ' 
by increasing the twist of rifling: a 25.6-inch barrel with j 
a pitch of 15-4 inches, or a 33.1-inch barrel .vith a pitch 
of 16.5 inches would produce the same stability factor at 
sea level with a 600-mile-per-hour air speed as a 60-inch 
barrel with a pitch of 18 inches. 

H. P. Hitchcock 
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.3a 1   /0 i'ru: Bnrrela C  - "   (2f>.-"  lcsic) - 6  (jl>ln  lcn- 

fircl  at ' iclk'-slßville   i!l T-yo 47 

1140 - -r :.TT.  'ivllri T39 

T'uzalrr  to  l^t r .3.  scrcou 

let to 2nd c-reen 

*M,.G ft 

100.0 ft 

1st p.-. acr&e/t to frire rsesh screen 

Velocity 

2800 
2770 
2772 
2737 
2734 
2798 
278G 
2 P. 00 
2*107 
2777 

2788 

297 

Ti ie  of 
Flisht* 

i-s 9O ft 

sec 

1.388*59 
1.42005 
1.41347 
1.40919 
1.41354 
1.39246 
1.40865 
1.39354 
1.39829 
1.41426 

Ball. 
Ooef. 

1 

.5619 

.5410 

.5452 

.3417 

.3308 

.3499 

.3426 

.04 31 

.3413 

.3423 

I'actor 

I- 

1.230 
1.327 
1.310 

X «OOX 

I. « c «V'O 

1.320 
1.3O0 

1.322 

1.314 
.003 

10.1 3070 1.25024 .3515 1.287    j 
11.3 3040 1.25949 63564 1#269   i 
15.1 3054 1.25575 ,3546 '   1*276   | 
11.3 3034 1.26597 1.282 
11.4 3053 1.25C29 '7 l~ r*    ' «ODO. 1.279 
19.9 3058 1.25016 1 ,359' 1.259   , 
17.1 3092 1.23590 .357? 1.2C6   ; 

19 «9 3035 1.2638? #3564 1.2*j> 
14.5 3037 1.26093 .3571 1.2C7 
16.0 3060 1.25163 .3B60 1.271^ 

3055 '      1 

1. :•;:.. ,, 

1 
1  _ . 

.002' 

Troin 1st P.E. soreen to wire mesh screen. 
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